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(54) MECHANICAL MATERIAL DISPOSED IN HOT DIPPING BATH 

(57) By means of forming equipment for use in mol- 
ten metal plating baths using a composition containing 
Si3N4: 70 - 95%, AlgOg: 2-10%, AIN: 1 -1 0%, and YgOg: 
1 - 10%. it is possible to greatly extend the period of 
operation before the appearance of defects in the prod- 
ucts. 
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Description 

Technical Field 

The present Invention relates to various types of s 
equipment for use in baths employed in the plating of 
non-ferrous metals other than copper, such as, for 
example, molten zinc plating, molten aluminum plating, 
or the plating of molten zinc-aluminum alloys: in particu- 
lar, the present invention relates to various types of io 
equipment used in baths which are disposed within mol- 
ten metal plating baths having a composition such that 
silicon nitride (SisN^ isthe main component thereof (for 
example, bath rollers [support rollers, synch rollers, and 
the like], roller bearings, roller arms, melting boxes, is 
snouts, pumps within baths, thrust locks, and the like). 

Background Art 

Conventionally, materials which were resistant to so 
melting and metal corrosion such as low carbon steel, 
high chromium steel, and SUS316L, and the like, were 
convnonly employed for various types of equipment 
used in baths employed in molten zinc plating, molten 
aluminum plating, or the plating of molten zlnc-alumi- 26 
num alloy. 

In cases i-equiring greater resistance to corrosion 
than that offered by these materials resistant to melting 
and metal corrosion, it is common to build up metal by 
welding or to form a film by flame spraying on the sur- 30 
faces of these metal implements and equipment using 
one or a mixture of two or more of oxides, borides, 
nitrides, carbides, fluorides, and the like of various cor- 
rosion resistant metals such as W. Co, Mo. and Or and 
the like. In this case, the outer limit of the service life 33 
during which such implements or equipment could be 
continuously employed without causing defects in the . 
high grade products was within a range of 15 - 90 days. 

In order to improve the productivity of the manufac- 
turing Industry, it is necessary to operate facilities over a 4o 
long period of time without affecting the quality of the 
materials produced. 

In order to respond to this need in molten metal 
plating operations, it is necessary that the service life, 
during which the implements and equipment used 4S 
within the plating bath can be continuously employed, 
be as long as possible, in addition to management of 
the plating baths. 

The present invention solves the problems in the 
conventional technology described above; it has as an so 
object thereof to provide various types of equipment for 
use In molten metal plating baths which are capable of 
stable use over a long period of six months or more. 

Disclosure of the Invention 

In order to attain the above object, the present 
Inventors have conducted diligent research, and as a 
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result discovered that it is effective to form various 
equipment for use in molten metal plating baths using a 
composition having as a main component thereof sili- 
con nitride, which is a material which does not react with 
the molten metal and which is easily worked; the 
present invention was completed based on this discov- 
ery. 

The invention based on this discovery conprises 
equipment used in baths, such as rollers, bearings, 
roller arms, melting boxes, snouts, pumps, thrust locks, 
and the like, which are disposed within molten metal 
plating baths, the formation of which is conducted using 
a composition containing Si3N4: 70 - 95%, AI2Q3: 2 - 
10%. AIN: 1 - 10%, Y2O3: 1 - 10%, and unavoidable 
impurities. 

Brief Description of the Diagrams 

Rgure 1 is a cross-sectional view showing a molten 
metal plating device employing a roller in accordance 
with the present invention. 

Figure 2 is a side view showing an embodiment of a 
bearing for a support roller in accordance with the 
present invention. 

Figure 3 is a side view showing another embodi- 
ment of a bearing for a support roller In accordance with 
the present invention and a cross-sectional view of this 
bearing. 

Figure 4 shows a bearing combined with the synch 
roller bearing part of the present invention. 

Description of the References 
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Best nrode for carrying out the invention 

56 

The structure and function of the present invention 
will now be explained. 

The various types of equipment for use in molten 



2 



BNSDOCID: <EP 



0B64ee5A1_l > 



3 



EP0 864 665 A1 



4 



metal plating baths having an increased service life in 
accordance with the present invention are formed using 
a composition having as a main component thereof sill- 
con nitride, which is non-reactive with the molten metal, 
and which is easily worked, so that it may be industrially 
employed. 

In order to compensate for the defects of silicon 
nitride, that it is deficient in shock resistance and in 
strength, it is commonly combined with metals; how- 
ever, there are great differences in the thermal expan- 
sion coefficients of metal and ceramics, and so there 
has been little success in the use thereof for various 
types of equipment used in molten metal plating baths. 

In the present invention, the formation is conducted 
using a solely ceramic composition having silicon nitride 
as the main ingredient thereof, and the design is such 
that sufficient shock resistance and strength are exhib- 
ited. 

That is to say, In the case in which a roller support 
axle and a roller bearing Ibrmed with a ceramic compo- 
sition having silicon nitride as the chief component 
thereof come into contact and rub against one another 
and a sufficient service life can not be obtained, a spiral 
groove is provided on the surface of the roller support 
axle, and one or more grooves are sipplied on the end 
surface of the support axle, and by means of these 
grooves, molten metal enters into the gap between the 
surface of the roller support axle and the inner surface 
of the bearing, and these do not directly come into con- 
tact, so that the molten metal serves as a lubricant. 

Commonly, in rotating axle bearing which enploy 
ceramics such as metal oxkles, metal carbides, metal 
borides, metal fluorides and the like, the ceramics are 
used in ball or needle form, and structures are known in 
which metal is used on the inner race or the outer race, 
or the opposite combination is errployed. 

There are chiefly two problems with the case 
described above. One of these is that although the parts 
formed from ceramics contribute to an increase in serv- 
ice life, the metal portions have the conventional short 
service life, and do not contribute to the increase in 
service life of the implements and equipment which is 
the object of this invention. Another drawback is that 
dross having an extremely high hardness, comprising 
an alloy of two or more metals. Is in suspension in the 
molten metal plating bath, and this enters In between 
the balls or needles and the race, creating resistance 
and stopping the function of the bearing. 

In order to avoid a stoppage in bearing furK^tbn 
resulting from the entry of the dross, a sliding bearing 
has been proposed, and various such bearings have 
been tested or partially produced. Ceramics are affixed 
in some way to a portion of a bearing which is formed 
from metal, that is to say, to the portion of the bearing 
which is contact with the axle. A disadvantage in this 
case Is In the same manner as above, the metal por- 
tions are eroded, so that the ceramic base material is 
eliminated, and no overall increase in service life can be 



realized. 

The present invention solves all the deficiencies 
mentioned atx^ve; herein, the bearing comprises a slid- 
ing bearing formed in a unitary manner from ceramics, 

5 and in the same way, in the case of the roller, the 
present invention makes possible not merely the use of 
ceramics at those portions which are in contact with the 
bearing and which experience extreme abrasion and 
those portions which are in contact with the steel plates 

10 and also experience extreme abrasion, txjt the unitary 
formation of the roller using ceramics. The equipment 
for use in molten metal plating baths of the present 
invention does not employ a combination of metal and 
ceramics, so that there is no cracking resulting from the 

IS tensile or conrpressive forces generated by differences 
in thermal expansion coefficients, and use over a long 
period of time is possible. 

The reason for limiting the composition ranges of 
the ceramic component used to form the equipment for 

20 use in molten metal plating baths of the present inven- 
tion will now be explained. 

Si3N4: 70 - 95% 

25 This compound is resistant to corrosion by nonfer- 
rous molten metals other than copper, and is also resist- 
ant to acidic and alkaline conditions. Sintering formation 
Is made possible by adding small amounts of AI2O3, 
Y2O3, arKi the like. At amounts of less than 70%, the 

30 thermal resistance and resistance to corrosion are 
insufficient, while when the amount is in excess of 95%, 
sintering formation becomes impossible. 

AI2O3: 2-10% Y2O3: 1-10% 

35 

By adding both of these together, the sintering for- 
mation of the Si3N4 which is the chief conrponent 
becomes possible. At amounts less than the lower limit, 
sintering becomes insufficient, while at amounts greater 
40 than the upper limit, practical application becomes 
impossible as a result of the decline in thermal resist- 
ance and resistance to corrosion. 

AIN: 1 - 10% 

45 

This compound has a high thermal conductivity and 
a high hardness, and serves to increase the strength. At 
amounts of less than 1%, these effects can not be real- 
ized, while amounts of more than 10%, the brittleness 

50 increases, and shock resistance declines. 

When substances or elements other than these 
four are included as unavoidable impurities, the effects 
of the present invention will be undisturbed if the total 
amount is less than 1%. 

56 An embodiment of the present invention will now be 
discussed; however, the present invention is not limited 
to this embodiment. 
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Embodiment 1 

87% Si3N4, 3% AIN. 5% AI2O3. and 5% YgOg by 
weight were mixed in powdered form (having a grain 
size of 1 .2 micrometers), 0.5 parts per weight of polyvi- 5 
nyl butyral were added as a binder to 100 parts per 
weight of the raw material powder, and this was agitated 
to produce a mixture, this mixture was then press- 
formed at a pressure of 1 ,000 kg/cm^, and this was sin> 
tered for a period of 5 hours in a nitrogen atmosphere at ic 
a temperature of 1 750*^0, and the roller (having a diam- 
eter of 250 mm, a length of 1 ,900 mm. an axle diameter 
of 90 mm, an axle length of 150 mm. and an axle screw 
depth of 2 mm. and a pitch of 26 mm) and the bearing 
(having an inner diameter of 93 mm. an outer diameter is 
of 140 mm. and a length of 120 mm) shown In figure 3 
were obtained. The characteristics of the ceramic roller 
and bearing after sintering are as shown below. 

FlexuiBl istrength 100 kg/mm^ 20 
Surface hardness HV 1 ,580 
Resistance to corrosion (test solution: test piece 
test using a molten zinc bath) Erosion loss: 1 
mg/month or less 

Resistance to abrasion (test conditions: an installed 26 
support roller bearing) Amount of abrasion: 4 
g/month or less 

The roller and bearing obtained In embodiment 1 
were incorporated into the plating device of Figure 1 (a 30 
molten zinc bath having a temperature of 470 **C), and 
this was operated continuously for a period of one 
month with respect to cold rolled steel plates (type of 
steel: low carbon aluminum killed steel, physical proper- 
ties: Yp 28 kgf/mm^, Ts 36 kgf/mm^) having an average ss 
width of 1,200 mm and an average thickness of 1.25 
mm at an average pass through speed of 11 5 m/min, 
and after maintenance, the roller of the present Inven- 
tion was used six times under the same conditions, and 
no defects were produced in the surface of the roller 40 

For the purposes of comparison, hard chromium 
plating having a thickness of 30 micrometers was exe- 
cuted on a roller axle and bearing comprising SUS316L 
having the same size as that of embodiment 1 , and this 
was subjected to plating operations under the same 45 
conditions. It was necessary to change the roller after a 
period of ten days from the initiation of operations 
because of the rough quality of the roller surface. 

As described above, the equipment of the present 
Invention exhibits an extremely long service life in the so 
case of rollers, roller bearings, and thrust locks which 
are subjected to abrasion and rubbing; those portions 
which do not experience rubbing and abrasion, such as 
roller arms, melting boxes, and snouts have a semi-per- 
manent service life. When conventional technologies ss 
are applied to such equipment, the surface life thereof is 
2 - 3 years, with the exception of the oven. 
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Industrial Applicability 

The present invention Is structured as described 
above, so that equipment for use in molten metal plating 
baths having an extremely long service life is ok>tained, 
and it is possible to greatly extend the period of continu- 
ous operation during which no equipment is replaced, 
and this is extremely useful in industry. 

Claims 

1 . Equipment for use in baths which is disposed within 
molten metal plating baths, having a composition 
containing Si3N4: 70 -95%. AI2O3: 2 - 10%, AIN: 1 - 
10%. Y2O3: 1 - 10%. and unavoidable impurities. 

2. Equipment for use in baths which Is disposed within 
molten metal plating baths in accordance with claim 
1, wherein said equipment used in molten metal 
plating baths is a roller used in such baths, and a 
screw shaped groove is formed on a surface of a 
support axle of said roller, and one or more grooves 
are formed on an end surface of said support axle. 

3. Equipment lor use in baths which is disposed within 
molten metal plating baths in accordance with claim 
1. wherein said equipment used in molten metal 
plating baths comprises rollers used in such baths, 
a screw shaped groove is provided on the surface 
of a support axle of said roller, and an end surface 
of said support axle is formed in a protruding man- 
ner. 

4. Equipment for use in baths which is disposed within 
molten metal plating baths in accordance with claim 
1, wherein said equipment used in motten metal 
plating baths comprises a bearing for rollers used in 
such baths, and said bearing has a square concave 
shape in lateral cross section. 

5. Equipment for use in baths which is disposed within 
molten metal plating baths in accordance with claim 
1, wherein said equipment used in molten metal 
plating baths comprises a bearing for rollers in such 
baths, and said bearing has a cylindrical shape. 



BMSDOCID; <EP oee4aesAi i s. 



EP0 864 665 A1 

i 



i 




•BWsnociD: <EP oee4eesAi i > 



4 



EP0 864 665 A1 



INTERNATIONAL. SEARCH REPORT 



International ^plicattoo No. 

PCT/JP97/02364 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. Cl6 C23C2/00, C04B35/58 

According to International Patent Cla&stCication (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED _^ 

Minimum documenutioii searched (dsssafication system followed by cUasification symbols) 

Int. Cl6 C23C2/00-2/40, C04B35/58 

DocnmcatadoD aeaidied other tfiam miiibauBi docttnentatioB to the extent ttwt sii^ documeats are indiGiBd In die fields aeaiched 

Jitsuyo Shiiian Koho 1926 - 1997 
Kokai Jitsuyo Shinan Koho 1971 - 1997 
Toroku Jitsuvo Shinan Koho 1994 - 1997 



Electronic data base ooasnlied durins the intematioBal search (name of data base and, where practicable, search terns used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of doctmient, with indication, where appropriate, of the rdevanc passages 



JP, 1-159359, A (Sumitomo Metal Industries, 
Ltd . ) f 

June 22, 1989 (22. 06. 89) (Family: none) 

JP, 61-37955, A (Osaka Fuji Kogyo K.K.), 
February 22, 1986 (22. 02- 86) (Family s none) 

JP, 6-322457, A (Hitachi Metals, Ltd.), 
November 22, 1994 (22. 11. 94) (Family: none) 

JP, 59-182276, A (Toshiba Corp.), 
October 17, 1984 (17. 10. 84) 
& £P, 124989, Al 



Relevant to daim No. 



1-5 



1-5 



1-5 



1-5 



I I FtirtherdoctunentsafeUsted inthecontintiationof BoxC | \ See patent family annex. 



special caiegorics of cited docvmeats: 

documeat defining the general stste of the art which is aot eoasidcfed 
to be oC pirticalar relevance 

earlier document but publisked o& or after theiatefaadoaal GUmg date 

docamem whidi aiay throv dotdMs en priority clsiai(s) or which is 
dtcd to establish tfae puhlicadon date of another dtsdoa at other 

special reason (ss speciGed) 

'O" documeDi refening to an oral diadosaie, we, exhibition or otber 
tncans 

*F' document published prior to the inteinalioad filing dale hat later Ihan 

the priority date claimed 



"1^ later docuntempublishedaftertbeintemstionsi filing date or piioriqf 
date and aot la conflict with the applicstiaa but died to mdanlsad 
the priadple w theory uaderiyiag the inveatimi 

*^ docameai of particalar lelevance; the claimed iDventioa cannot be 
considered aovel or cannot be considered to involve aa iaveaiive 
aiep whea the document is taken alone 

"Y** docaneat of particular lekvanoe; the claimed invention cannot be 
oonddered to involve an inventive step when the document is 
comfaised with oae or more other such docnoKatSt sacfacoaibinatton 
being obvious to a person sidlled in the art 

"Sc" document member of the same patest family 



Date of the actual completitMi of the international search 

September 30, 1997 (30. 09. 97) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Date of mailing of the international search report 

October 14, 1997 (14, 10. 97) 



Authorized officer 



Telephone No. 



Form PCr/ISA/210 (second sheet) (July 1992) 



7 



